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(57)Abstract: 

PROBLEM TO BE SOLVED: To stably and accurately supply 
a raw material. 

SOLUTION: Pressure gages 4a, 4b, 4c specify the raw 
material vapor pressures in raw material containers la, lb, 
1c. Controllers 2a, 3a control the temp, of the raw material 
container la so as to attain a specified raw material vapor 
pressure in the raw material container la, based on the 
measured value by the pressure gage 4a. Controllers 2b, 3b 
control the temp, of the raw material container lb based on 
the measured value by the pressure gage 4b, and controllers 
2c, 3c control the temp, of the raw material container 1c 
based on the measured value by the pressure gage 4c. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner s decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 




(19)B*B4m/T- (JP> 02> & ^ ^ # (A) (ll)4$fFfflH&n#^ 

#|g2001 -68465 
(P2001-68465A) 
(43)4iBB a ^m3¥ 3 M 16 B (2001. 3. 16) 



(BDinta.' aataie^ fi f^3-r{##) 

HOIL 21/31 HOIL 21/31 B 

C 2 3 C 16/448 C 2 3 C 16/448 



(21)IBS#9 tt«2000-l88391(P20DO-188391) 


(71)UnA 


000219967 








(z&ama ¥j$i2#6H22b (2000. 6.22) 




JtD^SjiKlS^K 5 TS 3 # 6 ^ 




(72)%n# 


It 


(31)«ifett[*3SS# IfS^Fl 1-175076 






(32)fij6B ^;S11^6 ^228(1999. 6. 22) 






(;33)fll5tElt£!BBI B:^ ( J P) 


(72) 9!^$ 


















(74) 


100064821 









(54) istmo>^m} mm^miM^&is&saf:^m&^sMfS.&mm 



(57) CS**J] 

[»^#=I9;3 )E:^JH-4a. 4b. 4c». /^4SS1 
a. lb. 1 crt<DM»3l«E*i!l'J3£r«. 3>Ha- 
^2 a, 3 aW. )I;tJtt4 a©a'J^fii{C«-:yc>TIPI4S 

SI a©SS=&«P-r*. 3>hP-72b. 3b». 
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^9«JK:#t|& 0 rfjf B«ffi±«:f(rte«e?r}fJR£-r S C i 10 

set i -r w«^mffifiSg:tr^. 

mo lSS!«Cj^L^«/'!5j<-5«0fii**fttHrStftta* 
Si. 

5 ] n^m 4 iB*go=fris^is«tBfiSgii§«: 
*si,^xmi&tkm^mt. «utBM»4^*^e.aim3nsB3 
iBwe^is]Di4©*f;^©Et>*tta-r4BE*w-c*sc 

*i(,»rMiB)E^ft«. SinBm^SSJc^iKSnTlSffBll 40 

[iS*:S8] ii*]S4iB4)t©W«^^BiiS;Sggcc 
tet,*rHoiB«^Ul*l9:», mrfBMI4^*i6SIW3nSBtf 
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[ mmm o ] s iBSSo^^a^mfB^si^tc 

*st>TUgBtgasl-«. l!lfBl^gS*>e3IW3*i4KrsB 

(CSjfcSti-. H5IB:y:^©?fe®iiRi^«r«!)^-r€)C:t€r«F 

[ 11] if g f BIS© WIS^^B^g^S 
{c*j(,^-cl5faifiSit». ^36*19: <!:£:©^^fS:*^ em 

mn^ip einm^ n-5 >y;^*«5rtB]gj&sst*jtc}&2s^ 

■SBB'B©j6ffctS:wen. 

Boiai6^#s*> e as* 3 nfcim#*=£-mff Bffi«rt ©^:^ 

*iiii3#-CBfrfBS7l£#e{c^3t3-if. tlrfB*';^©?^^^ 

So 

[§f ^ 1 2 ] §fS^9 8 ^©WH^mtB^i^S 

(c4jc»T|ffiBigait«. t5iB/iif4^«cS)^3n-rmfB 

[ 13] m^ma tmom^mmm^m 
{c*ju-ci3iB?fisgf-«, firtajiisf^A^esiaisns:^/ 

c©lB^*©:</;^©aSftj&tfeWr*c <b*1#fflli:^«W 
[0001] 

[0002] 

[Se*©e?{fl] Stfi©{t^J5J£4*JliL-C» 
«±fC^ai^^MK{t«J©^)S* J^fiST ^. M O C V D 
(Metal Organic Chemical Vapor Deposition ) Wii^ 

htixi,^i,mm^mm^mi (mocvd^^) © 
». s^spsi3n/csj&sg9rt©sifii oitcpzT 

^*?i5RK-r-SfcJ?)©fc©T*»3, i^^l a. lb, 
1 c*. Sff3>ha--7 8 0 la. 801b. 801 

cK.j:*}^ti^tim^<DU&icmmLx, ytr/^p-YJi/ 
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j't^i-- h^wpb (DPM) 2 , mia^it^ 

K^T i (O-i-Pr) 4 . Zr (0-t-Bu> 4 

[0 00 31 ^L-T. mi/fcPb (DPM) 2 ^ 

Ti (O-i-Pr) 4 Zr (O-t-Bu) 

{CPZTm*J15^S. C<Dt^. Pb (DPM) 2 
Ti (O-i-Pr) 4 Zr (O-t-B 

u) 4 3!/;^. NO 2 -€-n^n©// 10 

;^7a — n>hD-^7 a. 7b. 7c. 7 dKJCor 

[0 0 0 4] H8{C^SIlSMOCVD$ia-Ctt. ±M 

gfS©^mE-c-SMFC«:^*»n^£<S*J 

a. lb. 1 c*B^SiaSfCi^-r-5<t^«:S:^o-cc> 

a. lb. 1 cF«gK:+^(C3feJK3*X-CC>Si*<Dt><D-C 20 
Sllf4SSl a. lb, 1 c\^(DmMi)itf:x 

L. JfCJ^SSla. lb. 1 cF»3©J^.miMii>rS(CL 

[ 0 0 0 5 ] */t. fliTS©M3i4is6a*iiifii-r€>tea>cc, 

He. Ar. N2 fti-CD+t ';T:</;^*Jl|sf^Stc3» 

[0006] c ©<t ^ >ij^^rt©«yi^«)tc <fc s« 

l&IK^©SaBl4«i«-r-5fe*«:. «i«i|$IS^4 - 3 

6 2 1 7 6-^^«(Cfe4£$nfcMOC VDSIg*iSlgS 
*a-CUS. C:©4i$8CCjK3n5MOCVDiia«:09(C 

n-5MOCVD$|g-C«, A^;}<>:?'5 4(CJ;»3X^gf 

MsnfcjsicifSB itc. K^aa^^^ES-rsfcisb© 

^i^^r>'<:/y>i'LfcWtj^JP*4©"^>^»:tf. 40 
driy ii>iiJl iT & (OC2H5) 5 ) *s®A3nr 
C©JS^. Stt^S uc^Asns^itt** 
^5 5tc^A34a-5^©jt««. iSSMfflla^ha 
—76 l*>6v;^7D-3>hia— 5 5 8«:2l6ti)t{t 

[0 00 7] c©s9©MocvDi?arfiEffl3ns-^ 

f4^S5 5^*i, tlja<i5 7{CJ;-:,rs M^«10 0 
•C©J;^iJififi{cfl]S»3n. $hiictin^5 5mcm 
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«)tc. :)tfxea&»&SI,>»Ee». 3!7Xffigfc-5f5 6 
K:iorttJ^!^3nrii§, C©;</XlB'gb-ir5 6*JJ: 
yilSft 5 7 © b - :5« «. g^T 6EHS@Wfi^J-*fS 6 
2©lil*€r$W-5aSS9ffli='>h 0-^5 9. 6 OK J: 

g$ nfcSte5 2 ±«: 3f > ^J^mitmr a 2 O 5 *s^fiE 

[0008] mmm5 1 {C^i^$nfcQS#5fi^K 

g6 2«. SloSSS ItC^A^n-S^JiOf'O^'X 

ji/©assfc*j r 4 0 5 J ©iBa-cs»#^'SrW*-rs. 

c ©^^<t-^:^^Nc J: $ n-5> ^> X h + '> 
>tS';i'©?gS*ie?SfiiJ:»):^#t>ti^K:«. **;^EWt 
-if 5 6©jaSWffll=i>Ha-^5 9 <!:ilS1ft-$5 
7©©g$IMa>f-a-^6 0<!:«. ;<f;^lBWt-^5 
6 RC;tIfitf t - d» 5 7 ©aS^rTtf . *i-:>feS3 > h 
n-^6 1 {c<J;>3'7:^:7ci-3> hD--7 5 8ifif^:f'J 

jf^jfjucsis^s i'^©^>*&a*?^e>-r, c(Dj:^ 

)5:^>^xh + i'4'>^;V©JgIc;^5 l^©tt*&M* 

«6-r8bmi. raaffia«^«fii6 2*ip.©ssiM^*i 

*-Ctf*3n-5. JSS4tC. EaS@MS^«TS6 2*i6©m 
ft© -^AJ^^-r ^i'xm^s^i'^if ;u©?gS*J^S©}g 
SJ:•^/^3Ci«■^^c{^. ±fBia2©*(jmcj:?), ^>dr 
i h + -> d» > ^ ;l'©JSlc3§fg 5 1 '^©^S«:it-?»-r . 
[0009] 

[*?i*i«atLJ:^><fc-rs^] uiftu, msicm^ti 
-SMocvD$gs=&ffit»Tfc. si^giL-craasaa 

1 0 - 5 1 0 r Tm&in±(DMM^mmcm.is.^tii>, 
-a. <b^mtafi£s%tfo-ci-»s^©sjcsgi^©*^ 

1 t o r rgS-C*^. C©J:^>^c£E^M^«:te(,>-CEg 
[OOlOliSoT. S9CCS^3nS$^g©J:0«CEHS 



-j/cj^<Dl>< eatPttWia©-? J-'-'fln^ilgtcJr-or^J- 
[0 0 1 1} fet±©J;^&pgs.'#.*MrB-r* 
[0012] 

ifc lffi®lll4^*>6ilim3n€.W 

m<DtiX<DSJ3ii^^^ti>o ±tB^ig(Cfcl>-C. mo 1 
[0013] :*^CD*«^Mffl»a^a», ii>ft < 

t *> 1 mo^mm^jmoii:^ ^^mri>fm^mt . 
1 i&ic^w t ^ ■5.''^•7 ^ - ^©fii**^ai-r ?>^m^^ 

;*9{cW8I^S©:</^ ^^fl«Jfceti|i&b-r»«±(c»Jffi* 
J^fiS-r6J:^K:tfc4>©-C*-5.. C©*BjKJ:ti«, M 
3f4^ll*^ ^JSl&^ic^ S tv **«l^lliS©:*y:^© 

[0014] ±t2^??(c*jt»-c, ikm^mt. mums 
*>€.^ai3n.5WSi#«imf4©^^©K:tj^^aiT*E 

i*9©*';^©iE:f)*«iaj-r**\ ji*4ifs*»e>iiim3tis 

©|B'giti®:«/X©JI:^%«^a-r-5fc©-C*S. tfe 

ffi#fs«, j^^*>6^ita§n^)Wii^s/^©**;^ 
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^im©x/x©3fefiiR!^tt«ra3euTisaf*<fear4 

4)©-r$)5. 

[0 0 1 5 ] igglKi. ^^S<tc©^^© 

©•c*5. rSSttW. ^?fe#Sic©^^S)0^ 

M<4ffs A> ^ Ml m 3 n * :^ * jsi&ssrt {cs^jSi-r 4 se 
'g©jt*'tcsite>n> ^^mifphmmstitcmmiti: 

3tffliJR1$tt4Sl^-r'2)t©t?*-5. ±SS, M 
fsf^Stc^iK* nTll*4^Srt©:*/^©?fia=&tfeffi^ ^ 

JC^)l|-r-SieS©jt4'{ci9:we>n. c©iB«cf©:tf:^© 

[0016] 

[^?a©*j6©j^is] feiT. ^^m<Dmm<omm(.c'Oi,> 

m^isj;:^mm^M*Sm^m (MOCVDSgg) * 
^?3-r-5>/c*©0 1 ©^©}KSS©S2(c|flJ***0t:i> 
S. S 1 tc*il,>r. la. lb, 1 c». 1 i» h 

jvSS©]^?4?fS-r'**3, ili3^4^Sl a(c«, e;'fAa 
^;U^^:^-hiSlii*Pb (DPM) 2 J&iJRS^nr 
IbO, J^*4^1b{c», #»^<k-^Mif4T i (O 

-i-pr) 4 ffimn^ti. wM^i ct,cit. mw^ 

il{b^Jlif4Z r (O-t-Bu) 4 *SiR^3n-CI,» 
[0017] 2a. 2b. 2c *n-efii^4^ 1 

a. lb. 1 ctcK0^w?>n/ciniiasgg3 3%*iw-r 

4ttK»n>ha— 5. 3a. 3 b, 3 oW-en*tlj^ 
gESla, lb. 1 c0^^fl^g3 4>£Wffl)•rS^^=' 
>ho-7r'a5S, c ©!#■&, fln?^SIg 3 3 fc-ct o'<^^ 

Sft*jJ:iyt?&*p-rst>©-c*«3. c©J:^ft«ia*^*«: 

i (c J; 0 'i&m- 5 ^ ^ {cS1^4^S*^ ettffl 3 n ^WM 

sn^.. c©*ijap». m^\tp \Timmt-iri><itxn 

g 3 3 *j J: imm^ 3 4 ». SMj^ms*^ e»ttai s n 
ijSif43t/;^ %BiT^fc-r s;fc«)©jw^jafi[3iffli«gM t 

C D ^miSL-f iCtiCtji^, C © JlMMfisagSi^gM T 
CD*1«fi!c-rSJJII^«g3 3*iJ:Df^&J|I«g3 4©:a» 

S2A,2B{c^3n, WJMlJt^xESn*. 
[00 18] 4a. 4b. 4cB> ^tl-etxM** 

la. lb. 1 c p^CDW^MMS-^WM-tii'^^ V 
U>m<D&t>sY, 6 a. 6 b. 6 c «^n-etlM*4^S 
la. lb. 1 c©Jtf>;SlEHJPK:SW6*T.fc-'<;l':^-C* 
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So a/fc, 7 a. 7 b, 7 c. 7 d«. S^^^^l/^ 6 a . 
6b. 6 c^^^ttm^ti'SPb (DPM) 2 T 
i (O-i-Pr) 4 Zr (0~t-Bu) 4 

X, NO 2 :<7>^<DS^*-€-n-enftOS[I'rS'^:^:?n'- 
:3>bD-^ (OT. MFCcbK-r^)) . 8a, 8b. 
Sc. 8d«. MFC7a. 7b. 7c. 1 d(D^ti^ 

[0 0 19] 9ti. msm^^^'O. C(DK]m^^^ 
\tmi^iyfc^^)V^B di, 8 b. 8 c. ^ diPh<Dii:Km 10 

ffi. 11a. lib. llc». i^SSla. lb. 
lc<!:MFC7a. 7 b. 1 c t(D^(Oii ::^^om^ 
t,cWt^^hrifc^<'yyuiy^(D&3%\. 12 a. 12 b. 

1 2 c»gt^^;l^:/-C*-&o t.fc. 9a«SS10%»n 
jgit- S:^«?){CSJC£^S 9 CCJRgS n/c t - 1> -C* S . 

^i^-V^m^Ph (DPM) 2l*«?atCfeCirH<*. 
W«8^{b-^jmT i (O-i-Pr) 4 . Zr (O 20 

-t-Bu) 4 li-rnfesatcfccirm^tttt^i^ 

^la. lb. 1 c*»III^-rSCt«:<fc^T^{tS 

g^l arttC*5l^T. Pb (DPM) 2;?^5+^^3^3 
nri^SiS-^, Pb (DPM) 2CD^,^«. 1 10-C 
^CUm^^Ct^m2. 6 7Pat3tcO. 150"CCCjJO 
«^-r'5Ci'C*^7 4, 7Pat?cD. 2 0 0 "cccjinSR-r 
SC<!:'C*^6 6 7Pa<!:J6c€>o 

[0 02 1 ] 02AfeJ:O^@2B(^. m^^JSMm^&<0 30 
H2MJ, M4SSla. lb. 1 c «:7K^^faj(c^0K 

i^fcmmmm. m^m. j^^ia. ib. ic« 

2 B - 2 B»crOorMit7^f^cc^»f L/c«$»Tffl0t?* 
So WT<DSi?8«. 1^.*4SS1 a. 1 b. 1 cti^mil^m 
Jir*Sfcfe/l3f4i?Sl a^rf^SiiTiflW'rSo 

[0 0 22] 1^5f4gSl a^^. T;l'5:r.:x'^A (A 1 ) 

S^iH3 2;0^fJ^5n. CCDjgffltCtt. ^M3 1^iR^ 

oTit«c5nsi^^g3 4755iegsiirc^So ^jrfc. 

S2B-C«. Mi*3 lSU»iCjnm^S3 330SJffl^ii$n 

[0 02 3] »n^rj> hr3^^2 at^. ftII»I^S!3 3tC 
mSK^e^JS-rSCtCCJ:*). j[jalSlilS3 3^cJ:o-CJ^.<sf 
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>hP-^3a«. ^3 4<b§3 4*?^nS?ftJ®^aS 
»]®Urj^l4g:Sl aCcrtMS*aS/l*4^X€:^SEtc 
•rs<t^{c«iaif So «c4(5. H2Afc^f <*:^CC. 1^ 
<DJ[M*4^gl a. lb. 1 c^jaSSaLr. cDBt 

S7&^ 02ctc^'rck^^, SJl?4SSla. lb. 1 
c^ffl^iRWrMWS 5 a. 3 5 b. 3 5 c^^tf Jc-^CC 

[ 0 0 2 4 ] o^tc. W±OJ: ^ tC«^$n/cW«^S 

?i:S»^<?:OrPZT)a*^^*rS:^a-fex«:oc^ra 

1 *ffl(,^r|fi?8-rSo ^-r. M**^l a=S:jm4m^ 
gB^gMTCD5cJ:or»a^at-SC:<h(cJ:>3. ^SrH 

^*r^Si^tv^*a-^/^^a^:^- hiSiS^tPb (dpm) 

2 ^m^t^-ar, gi^ic. i^^i b. 1 o^mmnr 

SCchCCj;»3. W^^K{b^M14Ti (O-i-Pr) 
4 . ^tS^^b^iaj^Zr (O-t-Bu) 4 

{fc^iiSo x^SfM$n:?fcj®ct;ss9rt<DS«i o«. 

[0 0 2 5]j^lir. vNVl/:/6a. 8 a=&^ttrjPf4g 
g4 aj5^>e)3^tB^nSPb (DPM) 2 
6 a. MFC 7 a. ^^;l/:/8 a */hLrJS:jcE^9 rttc 
^ATSo */c. CKDPb (DPM) 2 ijX<Dmm 
g9 aF^-^CD^A^et-t^t:. ^^';^::^6 b. 8b*|flt:tr 
iHl4^S4b7:^6jliffi3nST i (O-i-Pr) 4:^*X 
^^'AVl/v^B b. MFC7b. 7^Vl/::/8 b */^LrSJS^ 
S9rt4C#AO. 3e)Cc. >^nV1/:/6c, Sc^rM^^^TJl 
3pfgS4 c*»6<3DZ r (O-t-Bu) 4 :^;^5S:>'^*;^:/ 
6 c. MFC 7 c. 7^V^:/8 c*/M.rS]rvSS9P^CC 
^ATSo iab/cMSilHimc. /^V^:/6d. MFC 
7d. />'il/:/8 d^/^L-CN0 2 :^XfcSJtS=gS9 

fc^A-rSo 

[0026] Pb (DPM) 2 ;^:7;J^. T i (O-i -P 
r) 4 ^yx, Zr (O-t-Bu) 4 N02 

5?/>^<DSSsa». s« 1 0 ±{c?&^3 ns p z tmccs 

^?nSl$tt^#S[0rMFC7 a. 7 b. 7 c. 7d 
h«J&<DPZT|« (Pb Z r xT i 1 

-xo3 m) mm^ri^. 

[0 02 7 ] CCr. SF^>'^V^:/l 2 a. 12b. 12 
c. 1 2 d (DfSfJfrSiBJTSo iidJcDP Z Tlg(D^b^» 
tB^fi:7*n42XfC4c5C^r^i. MFC7 a. 7b. 7c. 

CCD/'c^J^), MFC7a. 7 b. 7 c. 7 d <DSbf'p303^S 

-rs^-ecDra. m^^*;^:/l 2 a. 12b. 12c. 1 

2 dJ&l§^:?^P07^Vl/:/8 a. 8 b. 8 c. 8d*&1DS 
CitCctO. MFC7a. 7b. 7c. 7 di^^6f^5:^c 
2l6nSS:«/:^*P»^^VV:/l 2 a. 12 b. 12 c. 
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l^S. -€-Lr. MFC7 a. 7 b. 7 c. 7 dCDiW^^i 
SSrSi. 2 a, 12 b. 12 c. 1 

2d*HD*»o^<;l/:r8a. 8b. 8 c. 8d*HDr 
JSlc^ 9 {CS//y^ < . 
[0028] t(±®<k ^'6c{b^Svffifi£fi:?'cHz:3^tc*si» 

±ia<k^a«J!Rfi:^a-b;^«:*si,»-r. Il^tti i a«. 
I^^l a3!pe>MFC7 a'^<D;</X@Bert(Dj^f2f:yx 
©M*4IR«1£*S5«0, rn^tH 1 b{3:. JM^^Sl b 
3in6MF C 7 b '-^<Oii:KmWi(r>W^i37.<Dm^mMS. 

lE^tH 1 c«. ^mm^\ cifihUFC 

[0029] -ei/T, EE^ftl 1 aCOjJJSfiiJi, 3>h 
P-72a. 3aK:7 4-KM'5;5'S*T,. JE:^JtH 1 b 
coaUSfiiU. =i>H3--92 b. 3 b(C7 ^- hv<5, 20 
Sn. ff:^&fl IcOS'JSfiltt. 3>hD-72c. 3 
cK^-f - 3>hP-^2a. 3a 

tJ. EtJtf-l 1 a©ai^ffl«C«-^Ci-C. m*4^1 a*> 

mHiC. 3>ba— 52b. 3b«, E^tt 1 1 b ©iRiM 

fiiK:»-3t,»T:. m^i bA»^«*&sns/!m^^BE 
*S9f5£<DJE:^ <b &S J; ^ CcJ^SS 1 b ©se[*SiJ® 
=i>ho-'72c. 3ctt. lK7t1-l 1 c©aiJSfii 

icm-^\.^x. wmmicif^h<omiii:^<omi^m^ 30 
jWRfSoff^i^c-si^Km^i ccoiaa[*$u®-r 

[003 0] CCD$U®{cML/rS3(D7a-5^i'" 

*fc-5f%iB#S-ti-*J:^«c*i|®L/, c©f^;^-r-^7-S 
UCK*. xf^?:?'S2t?T5Baff*jta;^t:<,>Si*(l5£ 40 

[003 1 ] — x^-y :/S 1 ir, ffi:^3if«:j:Sli 
:^iil^=&m>. TsT-v^^ 1 2-CgiJ^L/i:II;^*5TI!BE 
:*«TJ&>t*^3!p«r*iJ^T-5. ;^-?-t':?'S 1 2-C#JSLfc 
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atcii*, ±ia;^7'f :7'S2K:iiW-5TPESS®^ffi 
5r±#3#«>*K:^M0. C©«Xt- f rT'S 1 l(cM 
5. ^^f^-^ys 1 2-CTESEE^%M;iri,i€><i:«^Sti 

t}iiLbtt^^'?tr-^nmirz. ;^^-.>:rs 1 4-C±KE^ 

:/S 2 {c*$t-f^TI®iaS[©S3cffl*TI^S 

^ML/. coi^XT-f :/S 1 1 ;^f-->:/Sl4 

(00 32 ] /c/cU. MOCVD;ffi-Cfflt<i-5>M*4«. * 

(C^^ L- /cSKS©Jll4:'/;^ %t^lS:K:«*&T C i ifti-C * 
4. 5i^ft©?gSi©J:^Kj^gfS©8lK{CMF 
C7a. 7 b. 7 c^rEa-r-SJt^ectJMFC? a. 7 

b. 7 c©s&{'P*S«s#-sct*i-cgr^. 

[003 3] CCr«. M5|*S:Sla, lb. 1 cA^^ 

MFC 7 a. 7 b. 1 c^WS^i37.^M<'^'^<}:>m^Vi 

ffi^ttiia, lib. \ \ c^wmwmiwmijtL 

*i. Mlsf^^la. lb. 1 c f^©Mif4*fx©J£;'3*«iJ 
)£-rSJ:^K:KI4S:Sl a. lb. 1 ca«SgK3<a/c 
JE:^)it4a. 4 b. 4 c=£ffll.=>t:4><fcl». c©J#-&{c 

E*it4a. 4 b. 4 cfiBI^3nfcM*4^jyEO 
ilB^<g«. =i>H3-^2 a<»:3a. 3>hn-v2b 
i3b, n>hci-^2ct3 c(c-en-e*X7^-F''< 

[0034] -S-LT. 3>ha-^2a. 3 a«. BE:^j 
H-4 a©Si]S(ii{cS-:Jl<irimgSl a(*g©jmSI^ 
im'&<DW.^ iLti^>ii'} K 1 a (OWSi^Wm- 

•5. 3>ha-^2b. 3b». IE^th4b© 

ilBSfiaK:»-:y(,»rM*4^ 1 b rt©)!!**^,*^*^^^^© 

o-^ 2 c . 3 c ». )E^tf-4 c ©iWSfiiCcS-^li-CJM 

?sfs!g 1 c n<owmmm.fmm>w:)i i & s j: ^ ten 
3|sfss 1 c ©ss^^iai-r-5. ti±© i ^ cc2t^©ji^ 

Sg-r». )aE:^fft4a. 4 b. 4 c*.5C>«BE:>3ti-l 1 
a. lib. 11 c©t»-m*>— :^*l9:W*Ci:(Cj: 

MFC 7 a. 7 b. 7 c©ttf'P*S5£S^€.C idi-ClT 

[003 5] ^fiJ. Wll^JSJtMiNf©'?/:^®ni 
o ISS[tCl^gLb'5S>'N-^^-5'©<ilit>rBE;'3«:aiiSL. 
t:t>-5*s. cn«^(4f^*ft:i3©mo m (mo 1/ 
m') 4iSJ5t-rSCi«b|51«-C*4. ^^*:©SBiJ (law o 
f gases) rpV = nRTj (p{i^#©JI;b. V«(* 
n»mo 1». R»«ttSia. TlJ^iaS) (c^i^ 
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U 

a>ti\t. m o I ma^sti^. m i icmhtc^m! 

BE:*n4 a©9J^fil». :!/>tffi«|*i«:*$W^Pb (DP 
mo iiggtcJt0«brc>^>. 

[0036] tCiV. MFC**SUTJftf1i$-e4fc 

*{cii. MFC (Dxtimttiit)miCiii^fimK m^ii 

1 0 0-3 GO Pa) =S:m0^T^i<mifi$>^. MFC© 

MFC©S5e«jfP**iaS3n7:MFC(Cj:.58£SSIJ®JK: 
an*5B4T5„ £:©/£«). l^^rt©J^.1Sf^5;t/;;^{t 

s nt:?«« 3 n s test o -c^ cc jg^^ t, -cMlEfSSrt © 
jm*5*2.««TK:«d>-rs<!:. i7«i!©ssia3e<^^ 

FC'NCDTcJEJtiiffiT-r^^CitCJ&O. MFClCj:€>S£S 

[00 3 7] C©MFC©S&<'PtCH-rsraSlC>ffL/. ± 

1 1 a©Sl5Effl«:S-:Jl,>-C. MFC7 a^«*&SniJS 20 
if4^aE. -r^cfe^MFC? a©7clE*s$llS?I-CtS. C 
©?£». :*:|D!fe©?i$S(cJ:n«. JP3l4^rt©il*4*sjg5 
ii>Lr4). MFC-^©7cBE*iitS^c)E^Jil±«:L'r(<>S 
©-C. MFC*$SS6ffi3-tt-5C<»:*JoI«giftSo 
[0 03 8] [*ft©jefli2] H4«, :*:^H^«:J:*« 

s^safflfiRSi^ (MocvDils) ii2^©?^si 
01 tra— ©1tRS(cfc©{c«im— ©^?# 

*MLr*-5. H4{C^nSnSMOCVDi^g-Ct3:. + 

a. lb. 1 ctctt/^^uys a. 5 b. 5c*/r-L/r+ 30 

[0 0 3 9 3 m4iCfri-^tx?>MOCV Dmm^mt'^fcP 
ZTM©{t^M«fiS:g7-a-fe>;{c-oi,»ritt?3r2.. * 

^itr-h^H^Ph (DPM) 2 ^ti-fbS-S. 
{C. lM*4gSl b. 1 c'S:imti>Ctl,C^f). 

«ft^in4T i {o-i -p r ) 4 . mm^ib^ 

l^Zr (O-t-Bu) 4 S^jfcS-eS. X^SF^S 
nfcJgjEgSQ rt©a« 1 0 fc - * 9 a K J: 

jtwsaftcMftsns, 40 

CO 04 0] g!l.^r. >'<;l/:?'5 a^^WCA r ^N2 

^'^tM^L-fePb (DPM) 2 :»X^^^)V:/6a. 
MFC? a. ^^•;^:?'8 a^r^UrSDE^gp^K^A^ 

lbF«gJcSAb, +-f 'Jr;!^;^tm^OfcT i (O-i- 
Pr) 4 3V;^*^<;l/:?'6 b, MFCTb. /<;l':/8 b 

+ 'J r *Mi|S^gS 1 c rtfCijlAL. . + f T i 
®^L/fcZ r (O-t-Bu) 4 ;<f:^4-'<;l':?'6 c. M 50 



^132 0 0 1 -68465 
12 

FCTc. ^V\^-:^8 ci:ffLxmSc^S9\*HcmX-t 
•5. mmiC, >'^•;^:?'6 d, MFC7d, ^^M^:7'8 d^/T 
L.-CN0 2 :y;^4>St&SJS9rt(C^Ar^>. 
[0 04 1 ] ^^^i-yr^f/i^tfi^OfcPb (DPM) 2 
^■f'J7:^:^tm-^bfcTi (O-i-Pr) 4 
iiyt,, yr^'y^tig^UfcZ r (O-t-Bu) 4 
N02 5!/>^©Si5S*«. MFC 7 a. 7 b. 

7c, 7 d{cj;-:j-c-en^nftijai3*a^. c-jtr. m 

ffil0±{c«. -iOT'^^'f h«jS©PZTM (PbZ 
rxTil-x03 M) 

[0 042 ] ^mmcDBISi'Cit. 'ft^^mtBfiSfir^CHz^ 
Ji^iS^TT-B t. a:i^«:^N';l'^8 a, 8 b. 8 c. 8d5r 
H0-5iftK, gF»-'^;UTri 2 a. 12 b. 12 c. 1 

:*/XN0 2 imm.L. {b^«tHJSSd5^TUfc»«l 
0?:JSJt.§SA»e.jaffiT^. C©m. /N-jV:/5a. 5 

b. 5 c=&B3Ct:+-I' ';r^>^*ffi»rU. 3f5E©«Fiai*' 
^0fcp>-'^•;^y6 a. 6 b. 6 c?rKi;r> M*4SS 
la. lb. 1 crt©J^IISiffi*BE:t)i+4 a. 4 b. 
4c-cmM-ri. ffim4 a©»C£ffl». =r> h a-^ 
2ai3a, Ii:?3th4 b©iBlSffi«, 3>hD--5'2b 
iSb. JE;^tt4 c©f,il^<B«, 3> F-ta-52 ctS 

[0 04 3 ] 3> ha-52 a. 3a», lE^jH-4a© 

{C. 3>ha-^2b. 3b«. BE;t»t1-4 b ©SJ3£ffl[(C 
S-:J^,»■CJMi|s^?iSl brt©)^4s?^*SBFf5£©)I;^tife 
S J: ^ {cjl?4Sg 1 b ©Sg^rWtaiC . a > h a 2 

c . 3 c ffi;^tt4 c©a9S<ii«:S-3i,>rimg|& 1 

c m<DmnmMS.tiim^<DE:fj ttxi>j:^ icsm^ i 
c<Du&^mm-r^. mM^i a., ib. ic©?as 

S9rtccj!iAtr. ±teiisi«l©j!ag|:7'ci-fe;^%^t- 

[0044] «±©<l: ^{c. *|life©?g|g-C«. (SM:/ 
D-fey^i. i^gSl a. lb. lcrt©l)^^aBE© 
iBj:£t. Jlf^^Sl a. lb. 1 c<OM&mWi:^lfS. 
ffi7'DH2;^«cciai5jI-rc:<!:fcj:0. i£t5©:?'a-fex«: 

©{'P^tt, ^i>^T b ferns. 1 0 ?rJ5lE^*i 6JSffl 
L. »rUl»»tel O^jSJ&^icJRA-rSCtiMtfO 

[0 04 5] [^©?^^3] S5». *f£HJ{cJ;€.M 
O C V Dil«©IS3 ©S|]te©?gSg*S^ U-C*5 9 

* S t «M4^*> 6 M F C * -r©lE'g©3t4i©M*4 
iSS (kg/m^) *jM^0-Cll*4gSl^©iaK4SiJiaJ 
•rSJ:^>tcLfct>©r. HI il^— ©1lt«K©fe©«:»l5 
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gia. lb. I cfyoymwi^im^-t^wmm 3 

a. 13 b. 1 3 c. *-5t,>«l^^l a. lb. 1 
c^MFCTa. 7 b. 7 c tOfSO^^m'B^Om.l^ 
iSe^riMS^SiSati-l 4 a. 14 b, 14c©C>m 

iggftisa. 13 b. 1 3 ccomjSM, mem. m 

ati-14a. 14b. I 4 cOm^m^-^ti^tiiriOX 
*J«5. E16/M*tS^13a. S6B{Ji§Stf 14a4-e 10 

1 3 a». 1 5 ^yem^ 1 7 <!: i^. 

J|4i?S 1 a <DmSliiCSft\9l L rgftCt htifc 2 -^©B 1 6 
a. 1 6 b K:^3t3R^ 1 5 iS^fesR^ 1 7 ;^*tiJe*ii( 

[0 04 7 ] S6A{CSK3nSiSSitl 3a-C»> ffejfe 
1 5 *> P» tlfcjfettl^^ 1 a ©-*©^ 1 
6a*»6ASt?n, e:ia<t>fM^-r€.fft:&©Bl 6 b*^6 
HiS*Lfc3fe*5S^^l 7rS:Jl63n«>. cn«:J:»3. 
I^^l art©Sfl 6a<b 1 6 bHI(C#^SE•r*/^^ 20 

s, c:c-r?{i, jgati- 1 3 atc-oiir-g-o^fiX^Uiigiy 
yc*5. ffe©?gttH-l 3 b. 13 cK:ocir4>i^«-c* 
■5, SBBfC^SIr-StSattf-l 4a». 

ISt. J^if4^Sl aiMFC7 ai©ra©:^fXKW«: 
t8:l:f?>nft:2-:30SS:i 9 a. 1 9 b <k . S3fe3R-=F 2 0 i 

[0 04 8] C©i§ffit+1 4aT?«. ^tIcs^^- 1 8*i<E> 

£:n<!:*fl^-r5ffe:«r©^l 9b*>6tiil#bfc3fe*S3fel^ 30 

ti-14b. 1 4 cfC-3(,>-Cfe|5|«-C*S. tfc. 1636^ 
^i^*^^^<!:©ISI©7K©G^«. 3l£7r'^>'< 

[0 04 9] *|ISfio?^S8«:fci>-cfe, ^:/oH2X» 
^1 ©||*fe©J^«i(5l«-C*^, iSSitl 3 a©a"J3£fii 
IS. — ■72a. 3 afC7 — hV^'f i'Stl. iS 

^ 1 3 b ©?W5ei®«> 3>hP— 7 2 b. 3b{C7^ 40 
- K d' iSatt 1 3 c ©S'MffltJ. n > h D - 
•72c, 3 c{C7 — 3ti-5, :3>hci-'72 

a . 3 a «. 1 3 a ©ilISfiIK:S-5t>-CJli^SS 
1 art©M»4iSa&W3fSfiii*-5J:^«:M»^l a© 
SS=&$lJ®-r-S, 3>hD--72b, 3bl3:, 

w^tmmmt tf^j:'^ icjm^ i b (Du&^mm 

b. 3>ha-72c. 3c«. Tgattl 3 c©pj^fii 
Ka-:Jt,^-Cl^^ 1 c rt©MI4tSS[*s@f^ffli ft 5 J: 

^ tcm^ 1 c <oMSLivm-r 5. 50 
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[0 0 5 0] iiaH-14a. 14b. 14c*S: 

WS^. tiStH 4 a©aiSffl«. 3>hP-^2 
a. 3a{C7.f-K-'-5-yi7 3n. iiKH-1 4b©«ISffi 
». a>hn-72b. 3 bJC^ F''<»i'S*i. iS 
atH 4 c ©ii)ffifii«. 3>hD-^2c. 3c«:7^ 
- K^<-y i^Sti^., 3>ho-^2a. 3a«. i^it 

1 4 a©»Mfi{c»-:Jlr>Tl^^l art©l^jSS*« 
i ft S J: ^ K:J!l»4i?S 1 a (DM&immt I5l 
SK:, 3>Ha-^2b. 3b». iftKitl 4b©aiS 
fiiK:a-tJi»rM**SS 1 b rt©IMf4iSa[*t^«fiiiftS 
J:5{CMI4?gSl b©)S^=S:$iriaJb. 3>hu-72 

c . 3 c «. 1 4 c (Dwmuicm'rsi.^xm.u^^ 

1 c rt©M<4igKA«Bff <!: ft -5 J: ^ CCM**^ 1 c © 
fflS=fc*>J^ai-r-5. C^L-r. SI«S©?&!8©1 i|5I«©?8( 

[005 1 ] ft*j. ±i^-c». m^S!^m.n<Di^7,(Dm 

0 l«tK:8SmO5>'<5>-5f©fia<!:0r/iK^HSK (k 
g/m') ^a'ML/Tl^'-Si&s. C:n»*tt«^«*fc0© 
mo lUSC <mo l/m') %i«J^rS C i ilSJfilr* 

5. !^ai*>i'*fc »)©«»». cammtiC—MiciSiit 

5*>©-C*-2), oSO, fflt.^-Slli^©l*-'W*ifci3©W 
S», Mi(SftC@W©*>©f&S©-C. *{jt{*a*/c»3© 
!Kfi-C*SM<sfjgK«. ^f::^iB'gf*3K:tei:f^J^^;^© 
*a*MS*fc t) ©^>^#^£STftfc% m o 1 »Cc*g^ L 

[005 2] [SSSg©?^S§4 ] la 7 ». *J^BjO||4 © 
|^©)^j@<bft-&fvtB^i@ (MOCVDilS) 

Sfc*©* 4 IISS©Jf$^S3ti:«fi£*5^ L -CI » S . 

ft4a. S4<!:i^— ©^(Stctipi— ©^r^4^^l/-c*^. 

H7{C^Sn-5MOCVDS6gt?«. +■»■ ';T:^:^=&ffl 

a. lb. 1 cNW^^-f 'jr;t/>^©ifeAP{c(j. 
5 a. 5 b. 5 ci&/^Lr + ■^ 'JT^;^3*5^3*l-5. 
H4K^l/fcMOCVDigatMft-S,'^i3:, MFC 7 
a . 7b. 7 c *i. + 'J T :<7*;^ ©gEADicSrW htitc 
j<)l'-:/5&. 5 b. 5 c©±i)£JII(CSS3n-Cl>SCt 

[0 05 3] S7(C5i^3n-5MOCVDS^g?rffll.>ft:F 

ZTM©fiRJ»:^ci-fe:^tc-ot>t:SilB-rs. 

SI a**P«l-r-5Ci{cJ:»), i?bvcp^;wy ^»:^- h 

ifiliftPb (DPM) 2«:m5-&. |5|B#K. l^f4SS 

1 b . 1 c 4j3nj^-r -5 c itcj; ») . m'^^it^m.n 
Ti (o-i-Pr) 4 . mm^it^jmzT (O 

-t-Bu) 4*m{t3#S. *^9Pm3nfcJS]Cc«gS9 

i^©s^ 10 «. t-dJ9a{cj:-o rsfs©jae[tc^ins«i 

[ 0 0 5 4 ] igSl^T, nil/:/5 a4lgWrA r^N2 
^<r>=^^ yT**;^^MFC7 a^:/^L-CM^4ifgl art- 
JC^AL. +-f yr:t/;^<b?m^LfcPb (DPM) 2 
?&/-?.»l':?'6 a. 8 a%:0-L/-CiKf&Sg9 rttc^AI" 
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^bfcT i (0-i-Pr)4 tf:^iJ^)\^:/eb, 8b 

*iat:rr+i' VT:^:^*MFC7 c^/M/T/^^l 
crttCz»AU. •;r:tfX<hS^L/cZ r (O-t-B 
u) 4 :^/>^*^NVl/:/6 c. 8 c ^/M/rStESSOf*} 
^^A'T'Sc I^KJfc. >'^V^:/6d. MFC7d. 
8 d^/TLTNOZ ;<7;^ ^SltT^SS 9 rtCC^AT So 
[0 05 5] +-i'yT//:^<tS'&UfcPb (DPM) 2 10 
+t''JT:^7;^<i:ig^UyfcT i (O-i-Pr) 4 
UT:tf;^t?E'&U/tZ r (0--t-Bu) 4 
^f;:;^, N02 Sfil 0±(CJf$^3 

nSPZTSK:S«$tl-5i^^&#iaLr. MFC 7 

a. 7 b. 7 c. 7 dUL^-oX'ttl^timW^tl^o C 

m <Pb Z r xT i 1 -x03 IS) *3JgfiS$tlS, 

[0 05 6] *:»5gCDJ^Sgt?ti. ^:7-cH2;:^;&5*^TT 

-Si. ^i:^^c^^';^:/8 a, 8 b. 8 c, sd^mo^t 

mc. 2 a. 12b. 12c. 12d*ia 20 

2 ^nmb. ^f)^^T i^tcmu i o ^sisssq f)^ 
hmm-r^o mmoimmuMk. ^^Nvur/sa. 5 

b. 5c%fflDr=^-i'';T:^;^*jgBrL. ^fSOI^H^^ 
1imLtch^^)V^e a, 6 b. 6c*B?0. i^gSl 
a. lb. 1 cF^<DM*4^.^^1Et?^4 a. 4 b. 4 
cTSI^-r-So EE:^tf4a<Dai}£^ii5*. n>H3-^2 

a. 3a^C>'^-K>'^'•;^i7§n. lE;'3f+4bCD#J^M 
ti. ri>hD-'^2b, 3 btc:7 tJ'Sn. E 
:*jtf4c<Dai5efii«. 3>hn-^2c. 3c«c:7^- 30 

[0 05 7 ] r3>bn-^^2a. 3 a BE;t^it4 a<D 
^SI^M0c«•^C^rM3^4S^l ai^cDl^^^lE^^^^^jEO 
BE*<!:ScSJ:^iCCM**SSl a<D?aS*S(I®-rSo 
^c. :3>hn-^2b. 3b&*. JE;^ft4 b (DS^JSWk: 
S-:5Cirj[^#4^«l brtCDM4^^:0S^^cDffi:^t3^j: 
2>J:^tcJll*4SJgl b<DSUK*Stltait. 3>hD'-^2 

c . 3 c H:/:jti*4 c cDStf^fficcS-^c^T/^^^ l 
c [^(DmMMM.mti^m^(DSJj tU^^^ CCMM^ffi 1 

ccoae^MiSJ-rSo jm^i a. ib. icosK 40 

n^Sl a. lb. 1 c^^CDWMMMBmmt. WM 
^la. lb. 1 ccDSSMtaii^ l^:7-p-fexS 

[0 0 5 8) ^m^Ojmxiit. MFC 7 a. 7 b. 7 
c^J+i' '}T:^:^(DWLXa(iCm^htlfc^^)\y':/b a. 5 

b. 5c©±8KffllK:S{B3nri*SC<LK:a:0. 04© so 
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MGCVD^dbJt^L/cig^^:. ^^X(0^^^m}^.f)^^ 
'So S4CDMOCVDtSr«. J^|gMBE«:«ofc8& 

^-Ss&s, 2|5:||tfi(DJg!S}c43&t'5MFC»=1ri'';r:^/:?^CD 
iiSMSiJai^tf ^/tiiXD^iO'C^SO-C. MFC^lSfiCC 

<Dmfmm^^2 0 0 ''Ca±l^rj:(^^:^^mUi.>m^i>A 
htf^. MFC(D»llMaa*52 0 0''CCe>C^(Cig<3&-2> 

ij^h. mi (ouocv T}mm^^(om^<Dj^^itc^ u 

FC7a. 7 b. 1 c ^ T :K(Dl&KU^m^ h 
n/t>'^*;^:^5 a. 5 b. 5 c<D±a£WcS:SS-rs c <h«: 
04<DMOCVDS6a<!:tb«Lr, SetCffiffiJ: 

[0059] JSLmkl'ik(0~l&(DVmU. 
^7L/cK«l O^JSJEEgSJ&^eSfifflL. »fLC*S«l 

0 ^ sj£^sccmA*r 6 c <b cb ifetf 0 r tf to n * 2* . 

MOCVDS^i^<RIDr**o &*5. fe{±<D36SScD 
Jf5JS-C». SSI OiCCPZYS^rff^fiSL-Ct^^jO^. * 

m^n \t.^<ommf^mc hmmx ^ & c i «m ^ ^ -t? & * 

[0 06 0 ] 

OTl^/c/ci?). M4^Sla. lb. ic^(Dwmtm 

[006 1 ] ^/c. wMii:^^'^y^y^-^yy^-'y 
imsciz^m^\^xmmnm>®m:pm'^hfc,}^. # 

g8¥4-362176 tifcm^^S^U 

:^;&5-pt, fpm©isi**^-^j:cvD^*jiei'rsc 

*4S^cD :^xrjS£APRt>*:</;^Si£fflPCcS:t:f 6 n/t^'NVb :/ 

m^cm'^\.^xwmm%m^f^'S.<DB:)^ trj:^x^ (^mn 



(10) 



200 1-68465 



17 



18 



*$lJ®-rS/tifc, !^ig¥4 - 3 6 2 1 7 B-^t&^tC^Tn 

mi] :^^micj:^mw^fm^^misJ:zmis^ lo 

-2BsfSl:^(Dt!i»riiig|t?&£. 

[S3] ^^m<Dm 1 CDlOSCDJI5J8IK*ilt SaESSSS 
[04] *^W*lfiWr4ft:8&<D^2©||Jfe<iDJi5JS* 



[06] J^:</;^©figS%ailS-r-5jgetf-©— 

[07] *:^gB*siM-r4fca)©04©sii6oj^s* 
[08] mi<f>^fS&^(oimi:mrjmm-c$> 
[09] se3i^©f&©^(t!^^s©«))!S=&^-r^)^0 

la. lb. 1 c "MipfSS. 2a. 2b. 2 c -JraSSi 
a>hP — 3a. 3b, 3 c • -J^iP^^ h a— ^. 
4a. 4b. 4 c • -EEi^jSi-. 6a~6d. 8a~8d. 
1 2 a— 1 2 d••■.'^;^:^. 7 a~7 d - -vxr^n-n^ 
HP— 7. 9-ja*®S. 9a-t-df. 10-S«v 
11a. lib. 11 c-BE^Jgt. 3 3-*DJ^a, 3 
4- 
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